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2,3 ,5-Triphenyltetrazolium chloride (hereafter to be called TPTC) is a white
crystalline compound, soluble in water, alcohol, acetone and chloroform and
insoluble in ether (1). Its solution is colorless but when reduced it forms a water-
insoluble, alcohol and acetone-soluble dark red compound known as triphenyl
formazan. TPTC is reduced by strong reducing agents, active metals in acid
solution and some sugars in alkaline solution. The reducing sugars form the red
formazan only above pH 11.0. The color change has been used in a qualitative
test for reducing compounds (2) and in a quantitative colorimetric determina-
tion (3) for certain reducing sugars. TPTC in solution is not affected by boiling
but is photosensitive (4) and will be reduced by exposure to direct sunlight or
ultraviolet irradiation from a mercury arc lamp. The following shows the chem-
ical change undergone by TPTC when reduced to the red formazan:
2, 3, 5 — Triphenyl Triphenyl Formazan
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Tetrazolium salts were first prepared by Pechman and Runge in 1894 (5). Kuhn and
Jerchel (6a, b) in 1941 found that a number of tetrazolium salts which they synthesized
could be reduced by bacteria, yeasts and germinating seeds and that these would be stained
red by the reduced compound. Lakon (7a, b) in 1942 used TPTC as a substitute for the toxic
sodium selenite in testing the germinating ability of seeds.
Lakon's work was confirmed in this country by Mattson, Jensen and Dutscher (8) work-
ing with seed corn. They were interested in the potentialities of TPTC as a test reagent
for living tissues in general. They found that many other viable materials in addition to
seed and yeast would reduce TPTC at pH 6.9, developing the red color seen with bacteria,
yeasts and germinating seeds, the fleshy parts of apples, oranges and grapes; the gill area of
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mushrooms; carrot roots, white and sweet potatoes, etc. Hard upon this report came many
others (9, 10, 11, 12, 13, 14) indicating that tetrazolium salts could be used as reagents to
demonstrate differences in the viability of seeds and other tissues.
The reduction of TPTC to the red formazan by viable tissues was shown to be dependent
upon enzyme systems. Kuhn and Jerchel (6) had already observed that glutathione, ascorbic
acid or cysteine would not reduce TPTC below a pH of 9 whereas the characteristic reduc-
tions observed on the living tissues in their experiments took place in a neutral solution.
Tissues heated at 82°C. or higher lose their ability to reduce this salt (8) because of the
destruction of the involved enzymes. Boiling a TPTC solution in the presence of a reducing
sugar in an alkaline medium merely accelerates the reduction of the salt.
Jerchel and Mohie (15) have shown that the apparent redox potential (E'o at pH 7.0)
of TPTC is about —0.03 volt. Mattson et al. (8) postulated that it would be possible for
TPTC to act as an electron acceptor for many pyridine nucleotide dehydrogenases on the
basis of this redox potential, for the redox potentials of most of these dehydrogenase sys-
tems fall below —0.03 v., and that the reduction of TPTC in viable tissue is caused by de-
hydrogenase systems requiring coenzyme I (diphosphopyridinc nucleotide) or cnenzyme
II (triphosphopyridine nucleotide). They found that the system glucose dehydrogcnase—
cocnzymc I, in the presence of the appropriate substrate, reduces TPTC at pH 6.6.
Pratt and Dufrenoy (16) proposed the use of TPTC as a reagent in the studies of cellular
physiology. They employed it to locate intra-cellular sites of dehydrogenasc activity in
sugar cane. They also employed TPTC in penicillin assay plates as a means of determining
the effect of this antibiotic on bacterial colonies through its inhibitory effect on their de-
hydrogenase systems. The zones of inhibition, because of inability to reduce TPTC to
the red formazan, showed no color change.
Methylene blue and other redox dyes have been used as dchydrogenase indicators, the
decolorization time of the dye being used to indicate the extent of enzyme activity. TPTC
is one of the few compounds which is colored in the reduced state, contrary to the methylene
blue type of redox dye. Kun and Abood (17) found that this difference simplified dehydro-
genase activity studies. They used TPTC as an indicator of succinic dehydrogenase activity
of tissue homogenates at pH 7.4 and were able to determine enzyme activity by quantita-
tive colorimetric measurements, the water insoluble formazan being easily dissolved in
acetone to give a clear red solution. They used this technic to study enzyme inhibitors.
They also found that TPTC did not interfere with succinate oxidation.
Isenberg et al. (18) utilized TPTC as an indicator in studying the inhibition of onion
plant respiration by maleic hydrazide, using a modification of Kun and Ahood's technic.
They were able to show that plant respiration was affected by inhibition of one or more
dehydrogenases. The substrates used to test dehydrogenase activity were: sodium sue-
cinate, sodium fumarate, sodium malate, sodium pyruvate, glucose and ethyl alcohol.
Fred and Knight (19) studied the reduction of TPTC by Penicillium chrysogenum. They
found that TPTC was reduced only inside the cells and the addition of glucose did not
change the rate or site of reduction. They also found that various inhibitors merely slowed
reduction of TPTC, from which they concluded that a number of enzymatic systems within
the cell could reduce the salt.
Jensen ct al. (29) investigating enzyme systems at pH 6.6 prepared from corn embryos,
using a mixture of apoenzyme, coenzyme, TPTC and buffer, found that the following de-
hydrogenase systems with a redox potential below that of TPTC were able to reduce the
salt: malate/oxalacetate, ethyl alcohol/acetaldehyde, lactate/pyruvate, glyceraldehyde-
3-phosphate/i, 3-diphosphoglyccrate, jl-hydroxybutyrate/acetoacetate, isocitrate/oxalsuc-
cinate, glucose/gluconate, a-glycerophosphate/triosephosphatc. Thus TPTC reduction is
not specific for any one dehydrogenase system.
Straus, Cheronis and Straus (21) found that there is a differential reduction of tetra-
zolium by carcinomatous tissue as compared to the rate exhibited by surrounding tissues.
This work was done to see if tumor cells obtain energy from glycolysis even in the presence
of available oxygen, in contradistinction to normal mammalian cells which, it is believed,
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will utilize the more efficient cytochrome oxidation preferentially as a sourse of energy. An
appreciable difference in the amount of glycolysis might be demonstrated by TPTC re-
acting with dehydrogenase systems in the chain of glycolytic fermentation.
Canizares and Michaelides (22) attempted a clinical application of Straus' findings but
found the color changes observed in cutaneous carcinoma were not constant. Benign lesions
such as verrucae and ulcers also stained red.
Black and Kleiner (23) describe a technic using TPTC to study the respiration of tissue
slices and the effects of enzyme inhibitors. Stein and Gerarde (24) attempted to use TPTC
as a measure of cellular viability of cultures of chick heart fibroblasts with negative results.
TPTC has been used by Lederberg (25) to detect fermentative variants in cultures of
Escheriehia coli K-12, and by Levine and Garher (26) to detect rough dissoeiants in cultures
of Pasteurella pestis. Huddleson and Baltzer (27) describe the use of TPTC in culture media
for differentiation of bacterial species and variations within species, and as a means of de-
tecting colonial variations in a supposedly pure growth phase culture of bacteria.
Since the reduction of TPTC has been demonstrated in bacteria, yeasts,
higher plants and mammalian tissue, n-c felt that this same vital dye could be
used in the study of fungi and their respiratory processes. We undertook to
observe the influence of dermatophyte cultures upon the reduction of TPTC.
METHOD
The media used in all the experiments was Sabouraud's dextrose agar
("Difco") consisting of 1% neopeptone, 4% Facto dextrose and having a final
pH of 5.6. Test tube slants were prepared and all cultures n-crc grown at room
temperature (22°C.—25°C.) and kept on open shelves, unless otherw-ise specified.
Four series of studies were made, using the following dermatophytes: Micro-
sporum audouini, M icrosporum lanosum, Mycrosporum gypseum, Epidermo-
phyton floccosum, Trichophyton purpureum, Trichophyton gypseum, Tricho-
phyton tonsurans, Trichophyton sulfureum, Trichophytoa schoenleini,
Trichophyton faviforme (var. ochraceum), Trichophyton concentricum. The
following three pathogens, non-dermatophytes, were also included: Candida
albicans, Cryptococcus neoformans and Sporotrichum schenckii.
Following are the four series of studies:
Series 1. 14 day cultures on media containing 0.01% TPTC incorporated
before inoculation. (Preliminary studies had shown this to be the lowest con-
centration producing well-marked color changes).
Series 2. 1% solution of TPTC added to 14 day cultures not previously pre-
pared with TPTC. Three sets of cultures were treated this way and examined
after 48 hours.
a. 0.5 cc flooded on surface of agar slant; not sufficient in quantity to cover
the surface of the culture.
b. 4.0 cc flooded on surface of agar slant; sufficient in quantity to cover the
surface of the culture.
c. Prepared like set "b" but placed immediately in refrigeration at 5° C.
Series 3. 1% solution of TPTC added to 14 day cultures on medium contain-
ing 0.01% TPTC incorporated before inoculation. 4.0 cc flooded on surface of
agar slant; sufficient in quantity to cover the culture.
Series 4. Cultures of T. gypseum, including 6 different strains, on medium
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containing 0.01% TPTC incorporated before inoculation; for study of strain
differences in any one species.
A control set of cultures was grown on the standard media and maintained
for comparison of color changes. As control for Series 1, a set of non-inoculated
tubes containing the same media was kept alongside the inoculated media of
Series 1 to eliminate any question of spontaneous color change not due to the
growth of the fungi.
As control for Series 2b, a duplicate set of tubes, prepared in the same fashion,
was kept in a dark cabinet for the period of observation. As a further control,
a set of non-inoculated tubes containing standard media was treated like those
in Series 2b and kept alongside them. A few tubes containing a 1% solution of
TPTC were kept on open shelves with a similar number kept in the dark during
the course of these studies. At no time were any of the tubes in any of the ex-
perimental series exposed to direct sunlight except for a number of non-inocu-
lated tubes containing TPTC media and deliberately placed in the sunlight for
24 hours.
RESULTS
All non-inoculated control tubes containing TPTC media showed no color
changes unless kept in direct sunlight. Upon direct exposure to sunlight a red
color appeared diffusely throughout the media within an hour and became more
intense over a period of hours. The solution of TPTC kept in test tubes on the
open shelves, although not exposed to direct sunlight, showed a very slow devel-
opment of a light pink color. The tubes containing the TPTC solution and kept
in the dark showed no color change.
Gross Color Changes
Series 1. Cultures on medium containing 0.01% TPTC.
All the fungi cultured have a tendency to develop a red color in the sub-
merged mycelia. This color is more or less intense in the various species. The color
is not seen in the media, outside the mycelial elements. As the submerged mycelia
develop color they can be seen radiating out into the agar. (Plate I shows a
striking example of how the red color develops in the mycelia). In general, the
surface of the culture shows no color change when it is of the granular or fluffy
type with aerial mycelia. However, those fungi which produce a waxy or moist
colony do tend to develop some shade of red in the surface growth. (Plate II
shows the face and Plate III the reverse of the fungi cultured in this series). In
general, there appears to he a tendency for the cultures to be slightly smaller
than the comparable ones on the standard media. This became more noticeable
on cultures after 3 and 4 weeks. Table I gives a detailed description of the ob-
served changes as compared with control cultures on standard dextrose agar.
Series . 1% TPTC added to 14 day cultures on standard media.
a. 0.5 cc flooded on surface of agar slant.
Color changes begin to develop in about 6 hours and become progressively more
intense over the 48 hour period. The color change is first noted in the sub-sur-
face mycelia, usually at a single point near the surface of the agar. The color
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changes gradually become more extensive in the submerged mycelia and more
intense. The ultimate change approaches that of the type seen in Series 1. The
moist cultures also develop red color on the surface. The waxy cultures may
show some surface pink tints. The other dermatophytes show no surface changes
of color.
b. 4.0 cc flooded on surface of agar slant.
The color changes are much more rapid, intense and extensive than in Series
1 and 2a. All the cultures show color changes, varying from a light pink to a
deep red, on the face of the colony. The granular and fluffy types develop color
changes on the face more slowly than do the moist and waxy types. The subsur-
face mycelia also rapidly develop intense red coloring, so that all the mycelial
growth is clearly outlined.
The agar in the bottom of the tube, and particularly that portion adjoining
the wall of the tube may develop a diffuse red color. This becomes quite notice-
PLATE I
Example of development of color in sub-surface mycelia. 14 day culture of M. gypseum.
able if the tube is kept in the open, in a bright room, for a period longer than
48 hours. The excess TPTC solution in the tube gradually develops a slight
color change. The solution becomes yellow in all cases and in some cases turns
a light red. The intensity of this red, like that of the diffuse color in the agar,
may deepen over a period of days in a bright room. The intensity of color in
the liquid does not appear to be related to the intensity of color developed in
the culture.
The control tubes kept in the dark develop the same intense mycelial staining
but show no red color in the agar other than that due to the colored mycelia.
The excess TPTC turns yellow, hut does not show any shade of red. The non-
inoculated control tubes treated with the 1% solution of TFTC and kept in the
open alongside the 2b series also sho\ved some color changes. The excess TPTC
developed a slight pink and the agar at the surface and in contact with the
glass developed a pink tinge in 48 hours.
IC. Gypsewn
PLATE II
Face of the fungi cultures in Series 1 at 14 days
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c. Prepared like 2b but refrigerated at 50 C.
AU the cultures except M. lanosum, E. floccosum, T. schoenleini, T. faviforme
and C. albicans showed a color change in the mycelia, varying from a trace of
pink to light red, in 48 hours. The color change was much less intense than in
2b. When brought out to room temperature all the cultures developed intense
coloring and came to resemble those of 2b.
M. lanosum
M, gypseum
E. floccosum
T. purpureum
T. gypseum
T. tonsurans
T. sulfureum
T. schoenleini
T. faviforme (var.
ochraceum)
T. concentricum
C. albicans
C. neoformans
Sp. chenckii
No change
No change
No change
No change
No change
No change
No change
No change
Slight pink tinge. Control,
cream color.
Lavender to violet. Control,
waxy white.
Slight pink. Control, grey
white.
Pink with white edge. Con-
trol, white.
Pink with white rim. Con-
trol, white.
Pink. Control, creamy
white.
Slightly darker tan than con-
trol with red central tint.
Bright red fading out at edges.
Control lemon yellow.
Rose red, lighter than M.
lanosum. Control tan.
Deep red with narrow yellow
fringe. Control yellow with
white fringe.
Deep red center with whit.e
fringe. Control, yellow cen-
ter.
Dull red shading to yellow at
edge. Control, dull tan.
Bright red. Control, dark yel-
low.
Orange red. Control, tan yel-
low.
Bright orange red. Control,
cream color.
Dark red. Control, creamy
white.
Dark orange red. Control,
creamy yellow.
Pink, with white edge. Con-
trol, white.
Pink with white rim. Control,
white.
Pink. Control, creamy white.
Series 3. 4 cc of 1% TPTC added to 14 day culture on TPTC media.
The red color already present in the various cultures became more intense
and color developed on the face of the cultures. In general, the changes were
similar to those seen in 2b.
Series 4. Cultures of T. gypseum; 6 different strains.
(Plate IV shows the front and reverse of these cultures). Different strains
show varying tendencies in the development of color changes. Individual strains
Color chances at 14 days
M. audouini
TABLE I
on 0.01% 'J'PTC agar compared with controls on standard media
ORGANISM FACS RF.VRRSE
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are relatively constant in their ability to develop red shades in the submerged
mycelia. The first 3 tubes in Plate IV are the same strain and show a uniform
coloring. Changes of color among different strains are not great enough to be
distinctive.
Microsco pie Color Changes
There was a quantitative rather than qualitative difference between those
cultures grown on TPTC medium (Series 1) and those grown on standard
media and then flooded with 1% TPTC (Series 2b). All changes were more
marked in Series 2h, both as to intensity of coloring and the larger number of
PLATE IV
T. gypsum cultures at 14 days
FIG. 1 Face
FIG. 2 Reverse
mycelia showing color changes. The amount of microscopic color change par-
alleled the intensity and extent of gross color change.
Three types of red staining were visible in the mycelia, the red varying from
a light pink to a very deep maroon:
1. Fine and coarse granules, isolated or clumped and filling the length of a
mycelial tube (Plate V, Figs. I and II).
2. Diffuse, smooth, red staining filling completely part of the length of a
mycelia (Plate V, Fig. 3).
3. Spheres or ovoids, either single or in chains, in some mycelia. The latter 2
types were much more common if older cultures, 3 to 4 weeks, were examined.
(Plate \T, Fig. 4).
:4
r. Gypa
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Macroconidia showed no red coloring. Chamydospores, in many of the cul-
tures, showed red granules. One culture of T. gypseum showed a diffuse pink
staining of the chlamydospore walls with no red staining within the chlamydo-
spore. Microconidia in general showed no color changes, although some rare
microconidia of M. lanosum and T. gypseum showed either red granules or
smooth, red spheres.
C. albicans showed either a red, central sphere or a central uncolored sphere
containing red granules. C. neoformans showed a smooth, pink staining of all
the cell capsules.
ILATE \r
Color development in mycelia. X909
FIGS. 1 and 2 Fine and coarse granules
FIG. 3 Diffuse staining
FIG. 4 Sphercs
DISCUSSION
Previous studies have shown that various dehydrogenase systems ill bacteria,
yeasts, plants, mammalian tissue and in penicillium can reduce TPTC to the
red formazan. The reduction of TPTC within the cells of the dermatophytes
and other fungi in these experiments can he assumed to be due to enzymatic
dehydrogenase activity.
All the color development occurred within the organism. Some red color occa-
sionally developed in the excess liquid, in Series 2b, or in the agar where the
solution of TPTC had leaked down between the wall of the tuhe and the agar;
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this color was due to the photosensitivity of TPTC. This photochemical reaction
could be completely eliminated by keeping the cultures in the dark. This reac-
tion outside the mycelia was not seen with the media containing 0.01% TPTO
used in Series 1, even in tubes kept in the open for 1 month. Apparently, the
small amount of TPTC plus the light filtering effect of the agar was sufficient
to prevent the photochemical effect. The yellow color seen in the excess TPTO
in all tubes in Series 2 was leached out of the media and can be duplicated by
placing distilled water in contact with Sabouraud's dextrose agar.
Although the media containing 0.01% TPTC gave adequate color changes, it
did not give the maximum changes when one compares Series 1 and 2. This is
probably due to an inadequate concentration of TPTC in the media plus inability
of the TPTC to reach the surface of the colony in the dry, granular and fluffy
cultures. The available TPTC in the subsurface mycelia is probably completely
precipitated out as the insoluble formazan and thus cannot reach the surface
growth. Any future studies on the respiration of dermatophytes and inhibitors
of the involved dehydrogenase systems, using TPTC as an indicator, will prob-
ably give far more accurate results if the flooding technic is used and precautions
are taken to avoid the photochemical effect.
Refrigeration at 5° 0. apparently slows down dehydrogenase activity in some
dermatophytes and produces a complete arrest in others, without permanently
destroying the involved enzyme systems.
Judging by the fact that the growth on TPTC media is slightly less abundant
than on standard media, TPTC has a slight inhibitory effect on the respiration
process, probably by utilizing hydrogen which would ordinarily be attached to
the coenzyme and become available at a later stage in respiration for reduction
purposes.
The differences in dehydrogenase activity among strains of any one species,
although perceptible, are not important enough to be really distinctive. On the
other hand, the differences among species, measured by the extent of formazan
development when cultured on the TPTC media, are both marked and constant.
M. audouini developed very little color on the reverse side whereas M. lanosum,
in the strains used in these studies, constantly developed a bright red color on
the reverse. This might well be used as a simple method for differentiating these
two dermatophytes, which are the most common cause of tinea capitis.
The varying microscopic picture can be explained, possibly, by differences in
the sites of dehydrogenase activity. Widespread diffusion of dehydrogenase
systems and concentration iii "vacuoles" may explain the more common occur-
rence of diffusely stained mycelia and colored spheres in the older cultures as
compared to the preponderance of granular staining in younger cultures.
The lack of staining of macroconidia could be explained by a very low re-
spiratory level in a resting cell or inability of the TPTC to penetrate the conidial
wall.
The constant staining of the capsule of C. neoformans could be interpreted
as the capsule being the site of maximum dehydrogenase activity or inability of
TPTC to pass the capsule.
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Various workers have in the past experimented with the addition of dyes to
culture media either as a differential stain for growing mycelium or as a pH
indicator. With TPTC, however, we have a means of studying the respiration
and specifically, the dehydrogenase systems involved in the oxidation—reduction
processes of the dermatophytes. The inhibitory effect of fungistatic agents could
possibly be studied in vitro using TPTC as a test reagent.
We have merely attempted to show in our present studies that the reduction
of TPTC to the red formazan occurs within the dermatophyte cell as it does in
other vegetable and mammalian tissues, and is likewise due to enzyme systems
of the dehydrogenase group. We feel that a great deal more can be done, utilizing
TPTC in the study of dermatophyte physiology.
SUMMARY AND CONCLUSIONS
1. Eleven species of dermatophytes and three pathogens, non-dermatophytes,
were cultured on Sabouraud's media containing 2,3 ,5-triphenyltetrazolium
chloride.
2. Similar cultures were made on standard media and the tetrazolium salt
was added after 14 days growth.
3. Six strains of T. gypseum were cultured on tetrazolium media.
4. In all cases a red color, due to the precipitation of formazan, developed in
the submerged mycelia. In some cases the surface growth also developed a red
color.
5. Description of the gross color changes is given. Difference among species,
measure by the extent of formazan development of culture on tetrazolium salts
medium are both marked and constant. This might be used as a simple method
for differentiating dermatophytes.
6. A description of the microscopic color changes is given; these are diffuse
red staining, fine and coarse granules and spheres or ovoids inside the mycelia.
7. The reduction of tetrazolium salts to red formazan within the dermato-
phytes cells is due to enzyme systems of the dehydrogenase groups. This reaction
has great potentialities in the study of the physiology of dermatophytes.
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DISCUSSION
DR. FLESCH: II would like to ask Dr. Canizares whether he has conducted any
control studies with triphenyltetrazolium alone? The reason I ask this question,
is the following: In aqueous solutions triphenyltetrazolium is very unstable and
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most of the experiments with this substance have been carried out within a
matter of a few hours. If triphenyltetrazolium is left standing in the air, it
forms the red formazan dye even without the addition of reducing substances.
DR. FREDERICK REIss: I think we are in great need of such fundamental and
basic science studies which bring us nearer to the proper understanding of the
dermatophytes. I was tremendously interested in learning that these dermato-
phytes have dehydrogenase activity. The granules which have not been explained
may be due to the glycogen content of the fungi which apparently also reduces
the triphenyltetrazolium to formazan.
DR. SHATIN (closing discussion): We would like to thank the discussors for
their remarks.
Dr. Flesch wanted to know about control experiments. Tetrazolium chloride
is known to be photo-sensitive and will undergo photo-chemical reduction in
sunlight. Knowing this, we did several controls. We ran all our experiments
both in the light and in the dark. We found, on running the experiments in a
lighted room, that even though there was no direct sunlight there would be a
slight amount of reddening of the tetrazolium in the agar over a long period of
time. The same experiment repeated in the dark showed no reddening of the
agar but did show reddening of the mycelia.
Dr. Reiss postulated that it was probably the glycogen content in the mycelia
that produced the red coloration. We know that reducing sugars will reduce the
tetrazolium to the red formazan but it demands a pll of 11. We feel that this is
higher than the pll that is found in the mycelia and that the reduction is not a
simple chemical reduction, but is an enzymatic process due to the dehydrogenase
systems present.
